University of Tennessee, Knoxville

TRACE: Tennessee Research and Creative
Exchange
Masters Theses

Graduate School

8-2001

Avian use of tidal marshes across a salinity gradient at Savannah
National Wildlife Refuge, Georgia-South Carolina
Chris A. Graves

Follow this and additional works at: https://trace.tennessee.edu/utk_gradthes

Recommended Citation
Graves, Chris A., "Avian use of tidal marshes across a salinity gradient at Savannah National Wildlife
Refuge, Georgia-South Carolina. " Master's Thesis, University of Tennessee, 2001.
https://trace.tennessee.edu/utk_gradthes/6531

This Thesis is brought to you for free and open access by the Graduate School at TRACE: Tennessee Research and
Creative Exchange. It has been accepted for inclusion in Masters Theses by an authorized administrator of TRACE:
Tennessee Research and Creative Exchange. For more information, please contact trace@utk.edu.

To the Graduate Council:
I am submitting herewith a thesis written by Chris A. Graves entitled "Avian use of tidal marshes
across a salinity gradient at Savannah National Wildlife Refuge, Georgia-South Carolina." I have
examined the final electronic copy of this thesis for form and content and recommend that it be
accepted in partial fulfillment of the requirements for the degree of Master of Science, with a
major in Wildlife and Fisheries Science.
David A. Buehler, Major Professor
We have read this thesis and recommend its acceptance:
David A. Etnier, Sammy L. King
Accepted for the Council:
Carolyn R. Hodges
Vice Provost and Dean of the Graduate School
(Original signatures are on file with official student records.)

To the Graduate Council:

We are submitting herewith a thesis written by Chris A. Graves entitled "Avian use of

tidal marshes across a salinity gradient at Savannah National Wildlife Refuge, GeorgiaSouth Carolina." We have examined the final copy of this thesis for form and content

and recommend that it be accepted in partial fulfillment of the requirements for the
degree of Master of Science, with a major in Wildlife and Fisheries Science.

David A. Buehler, Major Professor

We have read this thesis and

recommend its acceptance:

Dwid A. Emier

I J.4

Sammy L. King

J

Accepted for the Council:

Interim Vice Provost^g
Dean of The GraduateSchool

AVIAN USE OF TIDAL MARSHES

ACROSS A SALINITY GRADIENT AT

SAVANNAH NATIONAL WILDLIFE REFUGE,
GEORGIA-SOUTH CAROLINA

*

!• 1,

i

tm

I

A Thesis
Presented for the

Master of Science Degree
University of Tennessee, Knoxville

Chris A. Graves

August 2001

ag-vet-med.

Ulesli
zoo I

DEDICATION

I dedicate this thesis to my wife Meggan. Thank you for your support and undying
love throughout this time in my life. Without you taking care ofthe details in our lives,

this thesis and my accomplishments would not have been possible. I love you Meggan!!

11

ACKNOWLEDGEMENTS

This research would not have been possible without the interest, support,
assistance, and perseverance of many individuals and organizations. First, I would like to
thank the many members of the University of Tennessee's faculty and staff. I am
especially grateful for those within the Department of Forestry, Wildlife, and Fisheries.
They treated me as iff were family. I would especially like to thank my major professor
and friend. Dr. David A. Buehler, for the opportunity to study under his professional
advice at the great University of Teimessee. Thanks particularly for sharing his wealth of
knowledge, guidance, assistance, and patience throughout this project. Special thanks for
the many memories I have from those early mornings with the birds class, and the days

we were in pursuit of wild game together. I would also like to thank William Minser HI
for being a great mentor on a daily basis throughout my time at the university and in the
field. He has been like a second father to me and his perseverance for preserving and
managing the resource is a breath of fresh air. Special thanks go out to my other
committee members, Dr. Craig Harper, Dr. Sammy King and Dr. David Etnier, for

providing assistance in the design and development ofthis research project. Their advice
and review ofthis field study has been extremely helpful. I would also like to thank Dr.
Eric Hinder for the many hours he dedicated to my project and the critical help he

provided during the statistical analysis. Another person who provided critical assistance
in my time of need was Vijak Chimchome. Thank you for all of your help! Lastly,
thanks to all the faculty members and students that I have relied on since my first day as

111

an undergraduate student. A few people that I cannot leave out include: Jay Clark, Rick

Eastridge, Andy Edwards,Robert Inman, Daniel Moss,and Heath Smith. They have
always been there for me as advisors and friends, and their kindness is much appreciated.
Valuable fmancial support and assistance came from the U. S. Fish and Wildlife
Service(Savannah Coastal Refuges), the University of Tennessee, Rnoxville, and the

Florida Cooperative Fish and Wildlife Research Unit, Gainesville. Special thanks go out
to the Savannah Coastal Wildlife Refuge staff, especially John Robinette, Sam Drake,
and Russell Webb. The daily guidance and support of my supervisors and friends were

invaluable to this project and my well-being. I would like to acknowledge John and Russ

for their hard work in the field and for all ofthe blood, sweat, and more sweat they
sacrificed "dredging through the marsh" with me. Finally, Dr. Wiley Kitchens, ofthe
Florida Cooperative Fish and Wildlife Unit, supplied valuable zissistance and constructive

criticisms, which were crucial to this research. He too was a primary factor that my study
sites were set up before 2010!

My graduate studies and research would not have been possible without the

support and guidance of my family. I would especially like to thank my beautiful and

intelligent wife, Meggan,for her encouragement, support, everlasting patience, and
imderstanding throughout this project. Thanks also to my parents, Gary and Michelle

Graves and Wilma and Ron Noe,for their unconditional love and support throughout this

time in my life. I also wish to thank my brothers, Scott and Joel, and sisters, Wendy and
Susan, for always being there for me. Thanks also to the remainder of my family. I wish
there was enough room in which 1 could thank them all individually. Finally, I would

IV

like to give praise and thanks to my Lord and Savior Jesus Christ. God has blessed me
greatly!

ABSTRACT

The ecological function offreshwater tidal marshes in Atlantic coastal areas may
be threatened by increasing salinity resulting from man-made activities such as harbor

development, maintenance, and expansion projects associated with shipping channels and
ports. Reduced plant diversity has been documented in relation to increasing salinity
levels. However, little is known about how increased salinities affect avian communities

within tidal marshes along the Atlantic coast. I documented avian commimities in tidal

marshes of different salinities during the breeding season in 2000 at Savannah National

Wildlife Refuge(NWR), Georgia-South Carolina. Study sites included tidal marshes
ranging from freshwater to salt marsh conditions, along with forested freshwater and

forested intermediate tidal marshes. The primary objective ofthis study was to identify
differences in avian communities correlated with changes in salinity within the tidal
marsh system of Savannah NWR. Secondary objectives were to evaluate distributions of
king and clapper rail populations across tidal marsh habitats and to evaluate census
techniques for these two species.

Seven tidal wetland habitats were selected for study during the summer of2000.
Avian use ofthese wetland sites was monitored by a series of 10-min,50-m fixed-radius

point counts conducted along transects that systematically covered the study area. Each
transect contained two point count stations > 100 m apart and a water monitoring well

located in the middle of each transect to sample interstitial salinity. Stirveys started 30
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min before sunrise and were completed by 10:00 am EDT. Sites were visited twice

during the breeding season.

Thirty-four species of birds were documented within the 50-m fixed-radius during
point coimts(n=168). Twenty-two other species of birds were docitmented outside the
50-m fixed-radius. Ofthese 56 species, twelve species were observed exclusively in the
two wooded sites. Seven species were observed only in wooded to freshwater marsh

habitats. Seven other species were observed only in wooded to intermediate marsh
habitats. Thirteen species were observed across the entire salinity gradient. These
species included all ofthe wading birds, osprey(Pandion haliaetus), boat-tailed grackle
(Quiscalus major), red-winged blackbird {Agelaius phoeniceus), and fish crow {Corvus
ossifragus). Two species were observed exclusively in brackish to saline marsh
conditions and two other species were found only in the salt marsh. Excluding birds that

occurred across the salinity gradient, 26 species were observed only in freshwater to
intermediate marsh habitats, whereas four species were observed exclusively in brackish

to saline marsh habitats. Avian species richness differed (P < 0.0001) across habitats on
the study area. Species richness decreased from the freshwater marsh to the subsaline
marsh, and then increased slightly in the salt marsh. I detected no apparent relationship

between avian abundance and the salinity gradient. The most abundant species censused

within the study area were red-winged blackbird, boat-tailed grackle, marsh wren
{Cistothorus palustris), and common yellowthroat {Geothlypis trichas).
To evaluate king {Rallus elegans) and clapper (Rallus longirostris crepitans)rail
distributions across tidal marsh habitats, tape playback stations were established across
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the seven sites established for point counts. Tape playback surveys were conducted by

boat in the morning from 30 min before sunrise to 9:00 am EDT. I played approximately
12 seconds ofthe clapper rail's kik-kik-kik call, then followed that with 3 seconds of the

king rail'sjupe-jupe-jupe call. Birds were coimted using standard point coimt methods.
Individual birds that responded to the tape on more than one occasion were circled on the
datasheet to ensure no individuals were counted more than once, and visual observations
were noted.

Fifty-four rails were observed during point counts(n=168). Three hundred and

one rails were documented during playback surveys(n=84). In this study, tape playback
surveys were much more effective at documenting rail occurrence than standard point
count methods.

Although tape playback is a more effective census technique for documenting
king and clapper rail abundance than point counts, call responses ofthese two species
were very similar. Therefore, we recorded their vocalizations with a Sony TC-D5 Pro 11
cassette recorder and a hand held Telinga Pro parabolic(68 cm radius) and Sennheiser
microphone. Twenty-two recordings(15 known, 7 unknown) were collected and

evaluated using sonogram analysis. Eight clapper rails and seven king rails were visually
identified at a range of 5-20 m from the boat before or after their call was recorded.

Discriminant function analysis was used to classify calls ofknown and unknown

rail recordings. Of the eight known clapper rail recordings, the discriminant function
analysis assigned all ofthem to the clapper rail category(100% correct classification);
one ofthe seven known king rail recordings was assigned to the clapper rail category
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(86% correct classification). Six ofthe seven unknown recordings were assigned to the

clapper rail category. Assuming the discriminant function analysis classification was
correct, king rails occurred only in the fiesh and intermediate marsh habitats. Clapper
rails were found throughout the study area with the exception ofthe fireshwater marsh
habitats. Thus, king and clapper rail distributions overlapped in the intermediate marsh.
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CHAPTER 1: INTRODUCTION

The Atlantic coast contains approximately 981,500 ha ofcoastal marsh

(Alexander et al. 1986, Chabreck 1988). Approximately three-fourths ofthe marshland is

located in North Carolina, South Carolina, and Georgia(Shaw and Fredine 1954,
Reimold 1977, Chabreck 1988) where broad, flat coastal plains slope gently to the
shoreline and produce vast lowlands near mean sea level(Chabreck 1988).
The major factors affecting growth ofplants in coastal marsh systems are soil
salinity and water depth. Plant species vary in their tolerance to salt and because
seawater is the source of salt in coastal marshes, areas nearest the seashore contain the
greatest salinity. Salt content gradually decreases as tidewater moves inland and is

diluted by freshwater flow, such as runofffrom uplands(Chabreck 1988). Scientists
have generally classified coastal marsh habitats based on mean salinity levels. These
habitats, from most to least saline, are: saline, subsaline, brackish, intermediate, or

freshwater marshes. As salinity increases in a marsh, plants unable to tolerate the higher
salinity die and are gradually replaced by species adapted to the new salinity regimes.
Similarly, wildlife occupying the marsh because ofpreferences for prevailing plants

and/or an intolerance of saltwater, gradually abandon the area(Chabreck 1982,Fruge
1982, Chabreck 1988).

There are approximately 164,000 ha of tidal freshwater marshes along the
Atlantic coast (Pearlstine et al. 1990). The most extensive areas oftidal freshwater marsh

in the southeastern United States are confined to old rice fields within tidewater deltas of

major rivers where tributaries or outlet channels are numerous(Wharton 1978). The
marshes along the coast of South Carolina and Georgia accovmt for 28%(45,324ha) of

the total found along the Atlantic coast(Odum et al. 1984). Coastline morphology of
Georgia and South Carolina funnels and amplifies tidal waters into this region ofthe
coast, creating average tides of2.5 m, which is greater than that elsewhere along the
south Atlantic coast ofthe United States(de la Cruz 1981).

Because salinity and water depth affect plant species composition in these

marshes, the tide has a major influence on plant community structure and composition.
The rate at which the tide moves inland decreases because coastal streams meander and

become narrower farther inland, thus reducing their capacity to carry large volumes of
saltwater(Chabreck 1988). In addition, the discharge offreshwater from inland sources
through coastal streams serves to dilute and restrict the inland advancement of saline

tidewater(Chapman 1973, Chabreck 1981, Chabreck 1988). The rate offlow of
tidewater moving across the marsh surface also is reduced by dense, coastal marsh
vegetation(Chabreck 1988).

Anthropogenic activities such as harbor development, maintenance, and

expansion projects have negatively influenced natural freshwater river systems by
allowing saltwater to encroach farther inland. Large, deep, straight channels that extend

from coastal areas inland are constructed for harbor development to facilitate ship access.
As a result, tidal waters can move farther inland, in greater volume, and at a greater rate
than through natural systems, increasing salinities further upstream. Also, harbor canals

accelerate the drainage of freshwater flow from interior marshes during low tides thereby
increasing soil salinities (Chabreck 1988).

Reduced plant diversity has been documented in relation to increasing salinity
levels (Pearlstine et al. 1990); however, there is little information on how changing
salinity levels affect avian communities particularly in tidal freshwater marshes. Unlike

inland, non-tidal marshes, tidal freshwater marshes receive high nutrient and energy
pulses similar to coastal salt marshes, but they are not subject to the salinity stress of salt
marshes (Pearlstine et al. 1990). These wetlands support a high diversity of plants and
animals and are extremely productive, but they are also sensitive to human impact and
are particularly vulnerable to increased salinity(Simpson et al. 1983, Odum et al. 1984,
Mitsch and Gosselink 1986, Odum 1988).

The Savannah National Wildlife Refuge(NWR),managed by the U. S. Fish and
Wildlife Service(USFWS),includes 2,180 ha of tidal marsh. Savannah NWR and
adjacent lands originally contained 21% ofthe tidal freshwater marshes in South Carolina

and Georgia, which in turn comprised over a quarter ofthe tidal freshwater marsh along
the Atlantic coast ofthe United States(Pearlstine 1990). The marsh is surrounded by a
network of channels, both natural and man-made, which branch from the Savannah River

in the coastal plain of Chatham Coimty, Georgia, and Jasper County, South Carolina,just
north ofthe port of Savannah. These wetland systems provide important breeding habitat

for a host of wildlife species and are important stopover habitat for migratory birds. The
refuge has been experiencing saltwater intrusion from harbor maintenance and expansion

projects since 1977 (Pearlstine et al. 1990), and there is concern over the impacts ofthese
altered salinity regimes on plant and avian communities.

Refuge waterways and wetlands were exposed to saltwater intrusion when a tide

gate was constructed in Back River in 1977 by the U.S. Army Corps ofEngineers(COE).
The gate was located at the mouth ofthe northern channel ofthe Savannah River to

reduce the need for dredging the shipping channel for the port of Savannah, Georgia

(Figure 1)(all figures mentioned in the text can be found in Appendix A.). The tide gate
was designed to close at peak high tide and force outgoing flows of distributaries of the
lower Savannah River to the Savannah Harbor channel in the Front River (Pearlstine et
al. 1990), thus increasing flows and scouring the Savannah Harbor channel to reduce the
need for maintenance dredging. As a result, saltwater was held in the distributaries for a

longer period oftime because ofthe lack offreshwater flushing and salinities increased
within tidal marsh habitats.

COE hydrological data from 1935 indicate that salinity levels of0.5 ppt
(freshwater limit) reached only to Back River mile 16, whereas no salinity reached as far
as mile 18. Between 1935 and 1977, salinity levels greater than 0.5 ppt extended to mile

16.5(Back River railroad bridge); 0.5 ppt was the highest reading above the tide gate
prior to its operation(Odiun et al. 1977). After operation of the tide gate began(May
1977), the saltwater/fireshwater interface (0.5 ppt) shifted approximately 10 km upstream
(Figure 1). The shift moved along the Back River, most ofthe way up the Little Back
River, covered the entire Middle River, and moved up to about mile 24 on the Front
River(Odum et al. 1977).

Plant communities responded to the shift in salinity regimes and significant
degredation offreshwater marshes negatively affected wildlife and both anadromous and

resident fish dependent on these habitats(Odum et al. 1978). Approximately 74% ofthe
tidal freshwater marshes ofthe refuge converted to brackish and subsaline wetlands

(Pearlstine et al. 1990). Typically, tidal freshwater marshes are mosaics of plant species,
including a predominance of annuals, whose structural diversity, high seed production,

and palatahility are responsible for their value to fish and wildlife. Increased salinity
levels result in a lower diversity of plants and dominance by plants of decreased

palatability and nutritional value to wildlife (Pearlstine et al. 1990). For example,
Zizaniopsis miliacea and several broad-leaved macrophytes are important to wildlife, but

have been replaced primarily by Scirpus validus within a large portion ofthe refuge tidal
marsh system.

In the fall of 1991, COE terminated operation of the tide gate and filled a
diversion channel in the lower Savannah River because studies by the Florida and

Georgia Cooperative Fish and Wildlife Research Units indicated that navigational
alterations increased salinity levels and were responsible for the loss offreshwater

vegetation and fisheries habitat on Savannah NWR. Studies conducted several years

after termination of the tide gate indicated that interstitial salinity levels reverted to
freshwater conditions with substantial increases in plant species diversity(Latham and
Kitchens 1994).

Savannah NWR is currently being threatened by further saltwater intrusion into

its waterways. Prospective dredging operations of the Front River may increase salinity

levels further upstream into the refuge tidal marsh system. COE,Savannah District,

proposed a harbor deepening project based on information that larger vessels calling the
port of Savannah were incurring significant transportation costs related to insufficient

channel depth. As the average size of vessels in the world containership fleet increases,
vessels utilizing the Savannah port will experience increased transportation costs because

oflight loading and delays caused by low tides. Therefore, the goal ofthe dredging
operation is to deepen the Savannah Harbor to permit larger ship traffic access farther
upstream, and thus promote this port as one ofthe largest ports along the entire South
Atlantic coast.

OBJECTIVES

The environmental impacts of the harbor deepening project along with management
techniques that may mitigate these impacts need to be identified. This thesis presents
results from a field study ofbreeding birds utilizing tidal wetland habitats of varying
salinity levels. My research focused on birds for a number ofreasons. First, tidal

freshwater marshes support the largest and most diverse populations of birds of all
wetland types(Odum et al. 1978). Second, migratory birds have the potential to be valid

biological indicators oflocal conservation problems(Robinson 1993). Third, birds are

relatively easily censused and there exists extensive literature covering their ecology and
life history requirements. Fourth, research, management, and public education initiatives.

such as Partner's In Flight, are focused on the welfare ofthis group of vertebrates.

Finally, Savannah NWR was established to perpetuate the migratory bird resource (Clark
1993). As an initial step in solving this critical problem, this thesis addresses the
following specific objectives:

1) Document avian use during the breeding season across 7 tidal wetland habitats at

Savannah NWR: wooded freshwater(or "freshwater swamp"), emergent macrophyte
freshwater, wooded intermediate, emergent macrophyte intermediate, emergent
macrophyte brackish, emergent macrophyte subsaline, and emergent macrophyte
saline.

2) Describe avian communities across the salinity gradient within the tidal marsh system
of Savannah NWR.

3) Predict possible changes within avian commtmities that may take place if saltwater
encroaches into freshwater habitats.

STUDY AREA

Savannah NWR is located in Chatham County, Georgia and Jasper Coimty, South

Carolina. It is the single largest federally protected tract of land on the Georgia coast.
The port city ofSavannah lies on the Savannah River immediately downstream ofthe
refuge and is a center of pulp, paper, and organic chemical industries. The Savannah area

is rich in history. By the mid-eighteenth century, rice planters were farming much ofthe

land now part ofthe Savannah NWR. James Oglethorpe established the city of Savannah
in 1773.

Savannah NWR was established on April 6, 1927 to benefit migratory birds with
an emphasis on waterfowl management. The refuge is 11,238 ha and lies approximately
21 km north of Savannah, Georgia(Figure 1). Approximately 2,428 ha are impounded
freshwater wetlands with an emphasis on moist-soil and aquatic management to benefit
waterfowl, shorebirds, wading birds, and neotropical migrant songbirds. Other habitat
types on the refuge include palustrine, estuarine, and riverine wetlands. These wetlands
are comprised of bottomland hardwoods, tidal freshwater, and brackish marshes. The

tidal marshes(2,180 ha)on the refuge are primarily unmanaged and used for research and
public education. One avian study and several vegetation studies have been conducted
within the tidal marsh system (Pearlstine et al. 1990, Peterson 1992, Latham and Kitchens

1994, Applied Technology and Management 1997).
All fieldwork was conducted in tidal marshes ofthe Savannah NWR and a tidal

salt marsh located on the Wright River, which is further downstream off the Savannah

River. The terrain consists oftidal wetlands with an average altitude of0-3 m above sea
level. The refuge is located within the watershed of the lower Savannah River, and other

distributaries and man-made canals dissect the landscape. The area lies on the eastem

seaboard with tides averaging approximately 2.5 m. The soils. Tidal marsh-Capers
association, are characterized by poorly drained tidal marshes that have loamy to clayey
underlying layers, which are frequently flooded. Annual precipitation averages

approximately 124.2 cm, and average temperatures range between a minimum of 13° C to
a maximum of25° C.

This study was conducted across an array of tidal wetland sites that represent a
salinity gradient ranging from freshwater to saline marsh conditions(Figure 2). We
selected one wooded freshwater site, one emergent macrophyte freshwater site, one

wooded intermediate site, one emergent macrophyte intermediate site, one emergent
macrophyte brackish site, one emergent macrophyte subsaline site, and one emergent
macrophyte saline site for evaluation (Figure 3). The saline site was not located on the

refuge because true salt marsh was not located within refuge boundaries. Sampling on
each ofthe seven study sites occurred on two replicate, 300-m^ areas with similar salinity
levels and vegetative composition. We established three transects 100 m apart,
perpendicular to the water source, across each site (Figure 4). Each transect started 20 m

from the nearest water source and ended 120 m inland. Bach transect contained two point
count stations 100 m apart and a water monitoring well, located in the middle ofeach

transect, to sample interstitial salinity at the plant root zone(10 cm below soil surface).
We also established three tape playback stations for rail surveys, 100 m apart, at canal

points closest to point count transects established for point count surveys (Figure 4).
The freshwater marsh contains a greater diversity of plants when compared to

marshes further down the salinity gradient(Figure 5). Freshwater marsh plants are

widely distributed primarily based upon salinity tolerance and hydroperiod among the
marsh zones from levee and low marsh to high marsh. Freshwater marsh plants include
submerged aquatics, a wide range of grasses, sedges, shrubs, and tree species. Dominant

plant species in the emergent macrophyte marsh include Zizaniopsis miliacea, Zizania
aquatica, and Polygonum spp. along the levees; whereas, low to high marsh areas are

dominated by Sagittaria spp., Scirpus spp., Typha spp., Eleocharis spp., and Salix
caroliniana (Latham 1990). Another contributing factor that makes freshwater marshes

more diverse is the presence oftrees. Baldcypress, water tupelo, black tupelo, red maple,
and alder dominate freshwater and intermediate wooded areas (scientific names for all

trees mentioned in the text can be found in Appendix C.l). Trees also occur sparsely
within the emergent macrophyte freshwater and intermediate marshes. These scattered

trees add structural diversity to these areas. Brackish marshes are zonally distributed,

monospecific stands of grasses and rushes. These areas are dominated by Spartina

altemaflora, Scirpus validus, and Scirpus robustus in low to high marsh. Spartina
cynosuroides occurs along the levees with scattered Baccharis halimifolia and Myrica
cerifera(Latham 1990). Salt marsh areas are monospecific stands, dominated by

Spartina altemaflora, Spartina robustus, and Juncus romerianus. Plant species richness
decreases as salinity increases throughout these marsh types.
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CHAPTER 2: COMMUNITY COMPOSITION OF AVIFAUNA IN TIDAL

MARSHES OF DIFFERENT SALINITY DURING SUMMER,
SAVANNAH NATIONAL WILDLIFE REFUGE,GEORGIA-SOUTH CAROLINA

Habitat selection results in different species co-occupying a particular habitat
type, thereby forming an assemblage ofspecies referred to as a community. Within a
given habitat, there are sufficient opportunities for different species to utilize different
components ofthe vegetation or different structural niches in which to center their

activities to avoid competition(Cody 1985). Many species of birds select for specific
structural and compositional habitat components. For example, nesting clapper rails
require dense, tall emergent vegetation that is above the high tide mark (scientific names
for all birds mentioned in the text can be found in Appendix C.2)(Kozicky and Schmidt
1949, Stewart 1951). This type of structure offers better protection to the birds and the
nests from predators, weather, and the tide (Stone 1965). In contrast, marsh wrens utilize

the upper canopy ofthese emergent marsh plants for nesting and feeding.
Diversity of plant structure and composition lead to increases in nesting bird

diversity(Burger 1985). A marsh composed entirely of monocot emergent plants has
fewer nesting birds than one that contains both monocot and dicot emergent plants, as
well as low shrubs. This type of plant diversity allows for niche diversification among
avian species and results in greater species richness(Burger 1985).
Marshes provide an abundant and endless food supply. Fresh and salt marshes
have frequent insect emergences (Orians 1961, Burger 1985), as well as renewed food
resources. Twice daily, the tide floods marshes and brings in fish and invertebrates,
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which supply birds with a constant food source. Although high avian population
densities may exist on marshes, competition for food is reduced because ofthe constant

renewal ofinsect emergences and tidal flow (Burger 1985).

Salinity is a major influence on tidal marsh habitats(Phleger 1971, Morris et al.
1978,Parrondo et al. 1978, White 1983) and appears to be the primary factor in
modifying the physical and biological makeup ofthe transition zone between habitats of

varying salinity levels(Haramis and Carter 1983, Odum 1988). Freshwater tidal marshes

are strongly influenced by tidal amplitude, but do not experience salinities greater than
0.5 ppt. Farther downstream, a gradient ofintermediate, brackish, subsaline, and saline

conditions reflects increased salinities closer to the ocean. Inhibiting all but a few
halophytes, salinity acts as a community toxin (Phleger 1971) and results in decreased

species diversity associated with more saline habitats(White 1983, Anderson 1986).
Mammals, waterfowl, and insects are probably more diverse in tidal freshwater marshes

than in salt marshes, presumably because ofthe higher diversity of foods foimd in
freshwater plant species(Odum et al. 1984).

Pearlstine et al.(1990)characterized tidal freshwater marshes as having a greater
diversity of vegetation when compared with more saline marshes. These differences in

vegetative composition may have a substantial effect on resource partitioning among

avian wildlife species occupying habitats across a salinity gradient. Insect diversity is
greater in freshwater marshes than in brackish marshes, but brackish marshes support a
greater abundance ofinsects (Peterson 1992).
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Diversity of potential avian food sources along with a more diverse array of plant
structure found within more freshwater environments may provide a basis to observe

variations in avian communities along a salinity gradient. Birds apparently partition food
resources by plant type based upon a preference for seeds or for insects foimd on certain

species of plants (Peterson 1992). Therefore, as salinity decreases and plant diversity
increases, avian diversity may increase as well. However, some species of birds can
tolerate exposure to saltwater and are well adapted to these salt-influenced environments.

Apparently in species that are exposed to water of variable salinities, nasal glands (salt
glands) are able to respond to these changes(Ehrlich et al. 1988). On the other hand,
some species of birds do not utilize these glands and thus require freshwater to survive.

OBJECTIVES

This chapter addresses the following specific objectives:
1) Document avian use during the breeding season across 7 tidal wetland habitats at

Savannah NWR: wooded freshwater(or "freshwater swamp"), emergent
macrophyte freshwater, wooded intermediate, emergent macrophyte intermediate,
emergent macrophyte brackish, emergent macrophyte subsaline, and emergent
macrophyte saline.

2) Describe avian commimities across the salinity gradient within the tidal marsh
system of Savannah NWR.
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3) Predict possible changes within avian communities that may take place if
saltwater encroaches into freshwater habitats.

HYPOTHESIS

I hypothesize that as salinity increases and plant diversity decreases, then avian
species richness and abundance will decrease.

METHODS

Avian use ofthese wetland sites were monitored by a series of 10-min, 50-m

fixed-radius point counts conducted along transects that systematically covered the study
area. Birds were counted and identified by standard point count methods(Hamel et al.
1996). Sample sites were chosen to overlay the avian study design with concmrent
vegetation studies conducted by the Florida Cooperative Fish and Wildlife Research Unit.

The same observer surveyed each site twice during the breeding season. Surveys started
30 min before sunrise and were completed by 10:00 am EDT.

Point coimt stations(n=84) were established across seven sites of varying
salinities. Sampling of each ofthe seven study sites occurred on two replicate sites. At
each site, I established three transects 100 m apart, perpendicular to the water source
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(Figure 4). Each transect contained two point count stations > 100 m apart and a water

monitoring well located in the middle of each transect to sample interstitial salinity at the
plant root zone(10 cm below soil surface). Point counts were not conducted during
conditions of heavy winds or rain because of reduced visual and auditory detectability of
birds during extreme weather conditions(Robbins 1981). Interstitial salinity
measurements included tide cycle, temperature, salinity (ppt), and conductivity.
Statistical analyses were conducted in SAS(SAS Institute 1999). Point count
data collected during this study were tested for normality; the normality test indicated the
data were not normal. Thus, proc catmod was used to analyze point count data because it

is a non-parametric test designed to test for differences among categorical data.

Categories evaluated within the analysis included point count stations, replicate sites,
habitat types, and visits.

I used two vegetation measurements from the Florida Cooperative Fish and
Wildlife Research Unit dataset from Jime 2000: vegetation richness and relative

abundance ofindividual plant species across each habitat type. I also collected additional
vegetation measurements between point count periods and at the end ofthe field season.

Vegetative cover was assessed with a density board(30 cm wide x 150 cm tall) at each

point coimt station. The board was divided into 20 individual 15 cm squares of
alternating red and white colors. I counted the number ofsquares obstructed by
vegetation 7.5 m from the board in the four cardinal directions(Nudds 1977). An index

oftotal cover was created by averaging the number ofsquares covered by vegetation
divided by the total number ofsquares on the board. I took additional vegetation
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measurements at the two wooded sites. I delineated an 11.3-m circular plot at each point
count station for all forest measurements. A 2.5 m per ha factor basal-area prism was
used from the center of each plot to estimate basal area. A spherical densiometer was
used at each station 5.6 m from plot center in the four cardinal directions to estimate
canopy cover(Lemon 1957). Tree height(m)was measured using a clinometer; average
tree height was calculated from all tree heights within the plot. I identified all tree

species within each plot and calculated relative abimdance for each point. Snags

(standing dead tree > 10 cm diameter) were also counted within each plot.
I conducted a correlation analysis in SAS to compare avian species richness with
plant species richness across the emergent macrophyte habitats to determine whether
there was a significant relationship between the two variables. Relative abundance of

individual plant species was also documented across each emergent macrophyte site to
better evaluate differences in plant species composition across the salinity gradient. The
two wooded areas were treated separately for evaluation of plant species richness and

abundance because of extreme differences between these habitats and emergent
macrophyte marsh habitats. I compared the two wooded sites for all vegetation
measurements collected within the two stands to determine if there were differences that

might explain differences in avian use.

Vegetation density, basal area, canopy cover, tree height, and number of snags
were analyzed using ANOVA. This enabled us to look for statistical differences across

variables. All tests were conducted in SAS(SAS Institute 1999).
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RESULTS

Thirty-four species of birds were documented within a 50-m radius during point
counts(n=168)(Table 1.1)(all tables mentioned in the text can be foimd in Appendix
B.). Twenty-two other species of birds were documented outside the 50-m radius(Table
1.2). Ofthe 56 species observed, twelve species were observed only in the two wooded
sites. Seven species were observed exclusively in wooded to freshwater marsh habitats.
Seven species were observed only in wooded to intermediate marsh habitats. Thirteen

species were observed across the entire salinity gradient. These species included all of
the wading birds and osprey, boat-tailed grackle, red-winged blackbird, and fish crow.
Two species were observed exclusively in brackish to saline marsh conditions and two

other species were found only in the salt marsh. The remaining species were recorded as
flying overhead during point counts. Anhmgas and double-crested cormorants were
observed feeding in the channels.

Catmod analysis indicated that avian species richness differed(P < 0.0001)
among habitats(Table 2.1). Species richness decreased from the freshwater marsh to the

subsaline marsh, and then increased slightly in the salt marsh (Figure 6). The number of
species observed was greater than expected within the fresh and intermediate wooded

sites, and the number of species observed was generally less than expected in the saltinfluenced habitats(Table 2.2).

Avian abundance differed(P < 0.0001) among habitat types(Table 3.1). Avian
abimdance was greatest in the intermediate wooded and freshwater sites and lowest in the
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salt marsh site (Table 3.2). There was a significant interaction(P = 0.0016) among
habitat types, replicate sites, and between visits (Tables 3.3 and 3.4).

The most abtmdant species censused within the study area were red-winged

blackbird, boat-tailed grackle, marsh wren, and common yellowthroat. Both red-winged
blackbirds and boat-tailed grackles occurred in every habitat type on the study area
(Table 1.1). Marsh wrens and common yellowthroats were both found in specific habitat
types on the study area. Marsh wrens were documented within more brackish to saline

habitats, whereas common yellowthroats were documented from intermediate to

freshwater habitats (Table 1.1).

Red-winged blackbird abundance differed(P < 0.0001) among habitats (Table

4.1). The total number ofred-winged blackbirds observed was greater than expected in
the freshwater, intermediate, and brackish sites and was less than expected in the fresh

wooded and salt marsh sites(Table 4.2). There was a significant interaction(P = 0.0107)
between habitat types and replicate sites for red-winged blackbirds(Table 4.1).
Boat-tailed grackle abundance also differed(P = 0.0360) among habitats(Table

5.1). The total number of boat-tailed grackles observed was greater than expected in the
intermediate wooded and subsaline sites and less than expected in the fresh wooded,
freshwater, and brackish sites(Table 5.2). There were significant interactions between

habitat types and visits(P -0.0279) and habitat types and replicates(P = 0.0093)for
boat-tailed grackles(Table 5.1).

Marsh wren abundance differed(P = 0.0327) among habitats (Table 6.1). The
observed number of marsh wrens was greater than expected across the subsaline and
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saline sites, and marsh wrens did not occur in freshwater and intermediate habitats(Table
6.2). There was a significant interaction between habitats(P = 0.0327) and between

replicate sites(P = 0.0421)for the total number of marsh wrens(Table 6.1).
Common yellowthroat abimdance differed(P = 0.0019) among habitats (Table
7.1). Common yellowthroats occurred in freshwater and intermediate habitats and did

not occur in sites with higher salinities(Table 7.2). The total number ofcommon
yellowthroats was greater than expected in the intermediate wooded and freshwater sites

and less than expected in brackish to salt marsh sites (Table 7.2). There was a significant
interaction(P = 0.0019) between habitat types for the total number ofcommon
yellowthroats observed (Table 7.1).
Salinity increased gradually from fresh to subsaline sites, and then increased

sharply at the saline sites(Figure 7). Vegetation richness decreased drastically as salinity

increased. Changes in overall avian richness were less apparent(Figure 8), although
there was considerable turnover in individual avian species (Table 1.1). Several arboreal
species along with common yellowthroat and king rail, which occurred in the freshwater

and intermediate habitats, were replaced by yellow-crowned night-heron, clapper rail,
marsh wren, seaside sparrow, and willet in the salt-influenced sites. There was not a

significant correlation(P = 0.1254) between avian species richness and plant species
richness. Vegetative composition changed across habitat types(Figure 9). Eleocharis
montevidensis was the dominant plant species within the fresh and intermediate sites,

whereas Scirpus validus was the most abundant plant species in the brackish and
subsaline sites. Juncus romerianus was dominant in the salt marsh site. Vegetation
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density differed(P < 0.0001) among habitats (Figure 10). Freshwater marsh and saline
marsh had the lowest vegetation density. The fresh marsh was composed of a wide

variety of marsh plants of different size and shape. Shorter marsh plants in the salt marsh

allowed the upper part ofthe vegetation board to be unobstructed by vegetation at every
point.

Average basal area did not differ(P = 0.5010) between the wooded sites (Figure
11). Canopy cover was significantly different(P < 0.0001)between the wooded sites

(Figure 12). The presence of alder contributed to the high estimate of percent canopy
cover in the freshwater wooded sites(Figure 12). Tree height did not differ(P = 0.2563)
between the wooded sites (Figure 13). The presence of snags was significantly different
(P = 0.0193) between the wooded sites. Relative composition oftree species was similar

for the two wooded sites (Figure 15). However,there were a few more species found in
the intermediate wooded habitat; alder, which comprises approximately 95% ofthe
understory in the freshwater wooded habitat, was not included in this figure.

DISCUSSION

Salinity plays a major role in both plant and animal commimity composition of
tidal marshes. Salinity levels recorded for each habitat type tended to fluctuate between

well samples. However, highest salinity levels recorded for each habitat type is the
determining factor for plant tolerance and survival. Therefore, even during rare times
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when salinity levels are high, plant species will have to tolerate high salt concentrations
for various periods oftime or perish.
Lower diversity of plant species and food items, combined with less structural

diversity among plant communities in the brackish marsh,is proposed to account for
differences among avian species richness and composition between freshwater and
brackish marsh types (Peterson 1992). Peterson(1992) also suggested that the brackish

marsh might be more advantageous to generalist species, such as red-winged blackbirds.
I observed red-winged blackbird, boat-tailed grackle, clapper rail, and marsh wren in the
brackish marsh, and these species are all considered generalists to some degree. The
location ofseeds and insects differ by plant species(DeLong 1932, Davis and Gray 1966,

Peterson 1992). Therefore, avian species richness should be positively correlated to plant
richness because of a greater diversity ofseeds, insects, plant heights, and opportunities
to partition resources within the freshwater marsh.

Craig and Beal(1992)documented that avian species richness was most strongly
influenced by total area and water cover in Connecticut River marshes. They further
stated that saline, strongly tidal marshes contrasted sharply with freshwater, weakly tidal
marshes. Although Craig and Beal(1992)did not specify how these two habitats

differed, they did note that avian species composition was likely a consequence ofthese
differences. Such a distinction is expected in light ofthe physiological(e.g. Poulson
1969) and behavioral (e.g. Jackson 1983, Burger 1985) adaptations that salt marsh

species show for high salinity and tidal fluctuations (Craig and Beal 1992). Differences

in species composition are likely a consequence of differences among marsh proximity.
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mudflat cover, salinity, and tidal patterns which distinguish saline and freshwater
marshes(Craig and Beal 1992). Craig and Deal(1992) documented that increased habitat

heterogeneity did not translate into greater species number. However,their study did not
indicate which marsh type contained the greatest number of bird species.
Red-winged blackbird, boat-tailed grackle, common yellowthroat, and marsh
wren were abundant on the study area. Weller(1994)reported red-winged blackbird and
boat-tailed grackle as common across many different marsh habitats in a Texas estuarine

marsh. Red-winged blackbirds and common yellowthroats have habitat requirements that
can be met in several different habitat types. Red-winged blackbirds may be the most
numerous North American land bird, nesting in wetland, prairie, and riparian habitats
(Ehrlich et al. 1988). Likewise,common yellowthroats are often considered the most

abundant warbler species. Breeding habitats include wetland, old field, hedgerow, and
woodland margin habitats (Ehrlich et al. 1988). However,common yellowthroats were
not found in brackish to salt marsh conditions on the study area, whereas marsh wrens

were not found in intermediate and freshwater marsh habitats. Both species are thought
to breed across the salinity gradient (Ehrlich et al. 1988). Interestingly, migration data

fi"om fall 2000 recorded common yellowthroats and marsh wrens within each emergent
macrophyte marsh habitat type across the study area (J. Robinette, pers comm.). Also,

Peterson(1992) documented marsh wrens in the freshwater marsh during October and
April, but marsh wrens were only observed in the brackish marsh and common

yellowthroats in the fi-eshwater marsh during July. Peterson(1992)suggested that the
seasonal absence of marsh wrens from the fi-eshwater marsh was probably because of
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niche partitioning. Likewise, this was probably the case for common yellowthroats.

Both species are insectivores and display similar foraging ecology and may have been
avoiding competition for food resources during the breeding season. Similar to red-

winged blackbirds, boat-tailed grackles were abundant across the entire study area. The

high number recorded for boat-tailed grackles in the intermediate wooded site during visit
two and replicate A was due to a large flock congregated in the sample area. This was
late in the breeding season, and many juveniles were mixed with this flock.
Yellow-crowned night-herons seemed much more common in subsaline and salt

marsh sites rather than brackish to more freshwater marsh sites. Many observations of
this species during point counts and random flushes indicate this was the case. Yellow-

crowned night-herons were documented during point counts across the entire study area,

but this was primarily because they foraged along tidal mud flats, creeks, and the primary
river channels at low tide throughout the salinity gradient.

If saltwater were to encroach into freshwater and intermediate marsh habitats,

many bird species would probably disappear from this ecosystem. Twenty-six species
were found only in freshwater to intermediate marsh habitats, whereas only four species
were documented exclusively in brackish to saline habitats. Because some species
appear to partition niches across the salinity gradient (e.g. common yellowthroats and
marsh wrens), differences were less apparent for avian species richness than results from
a compilation ofspecies distributions(Figure 6 and Table 1).
Coastal regions ofthe United States provide essential habitat for fish and wildlife

resources. Loss or modification of estuarine and marine areas(Cowardin et al. 1979),
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because of proposed and ongoing water resource development projects, must be
quantitatively estimated if project altematives are to be correctly evaluated for
environmental costs and benefits (Clark and Lewis 1983). Baseline data on avian use of

wetland habitats are valuable not only for understanding ecological relationships of
wetland birds but as indicators of habitat quality for management or assessment of
environmental impacts (Weller 1994).

The tidal marsh system of Savannah NAVR has been negatively affected by past

COE projects centered on port enhancement and maintenance (Pearlstine et al. 1990).
This study has shown that more species of breeding birds were observed in tidal
fi-eshwater and intermediate wetlands than in tidal brackish, subsaline, and saline

wetlands on the refuge. Because of limited data, one can only speculate as to the

historical structure of bird communities when the entire refuge tidal marsh complex was
fi"eshwater habitat. Weller(1994) stated that measurable impacts could be expected on
avian species composition and abundance from loss offreshwater inflow. Salinity plays
a major role in the structure and dynamics of plant communities,thus affecting marsh
bird life. Consequently, a balance of habitats is essential if areas such as Savannah NWR

are to help sustain the native plant diversity ofthe region thus supporting migratory birds
and other wildlife and fish. Maintenance of normal tidal and salinity patterns should be a
major objective of coastal wildlife refuges and management areas to allow these areas to
meet their wildlife management objectives (Weller 1994).
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CHAPTER 3: EVALUATING KING AND CLAPPER RAIL DISTRIBUTIONS

ACROSS TIDAL MARSHES OF DIFFERENT SALINITY DURING SUMMER,

SAVANNAH NATIONAL WILDLIFE REFUGE,GEORGIA-SOUTH CAROLINA

King and clapper rails offer great challenges for researchers because oftheir

elusive nature, inaccessible habitats, and migratory behavior. As a result, significant
information gaps exist for these species(Babcock 1994). Habitat management for these
two species primarily consists of maintaining the structure and function oftheir habitats
(Meanley 1985). Despite losses and degradation of salt marshes because of coastal

development and pollution, large areas of salt marsh habitat still remain on the East coast

(Meanley 1985). However,king rail habitats along the East coast are currently being
threatened by human influences including drainage, dredging, pollution, filling, and
agricultural or urban expansion which modify the hydrologic integrity of these systems
(Smith et al. 1989). The extent offreshwater marsh habitats along the Atlantic coast has

always been considerably less than salt marsh habitats, and remaining acreage is
declining because of human activities(Chabreck 1988). Therefore, a standard census

technique is needed to monitor king and clapper rail populations so that managers can
make better decisions on regulation of hunter harvest and wetland conservation and
management.

Tape playback surveys are standard approaches for censusing rails, but

information is lacking on how to differentiate between king and clapper rails. King rails
are primarily associated with fi-esh and brackish tidal marshes, whereas clapper rails
primarily occur in tidal salt marshes(Meanley and Wetherbee 1962). However,their
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distributions often overlap in brackish marsh conditions and successful hybridization has

been reported(Meanley and Wetherbee 1962, Meanley 1969, Meanley 1985, Bledsoe

1988). The tidal marsh complex ofSavannah NWR is an area where king and clapper
rail distributions converge, and this scenario creates difficulties when trying to
differentiate the two species during tape playback surveys.

King and clapper rail ranges overlap along the Atlantic coast. These species
exhibit only slight differences in size and plumage characteristics. Clapper rails on the

study area are the Atlantic coast subspecies Rallus longirostris crepitans(formerly

waynei). They are slightly smaller than king rails and have a duller plummage. King
rails have a reddish-brown head, neck, and underparts with less contrast between the

cheeks and body plumage. King rails also have tawny edges on black-centered back

feathers. However, hybrids may be almost impossible to identify because of similarities

to the female king rail(Sibley 2000). There is much debate on the proper specific

alignment ofthese two species; some ornithologists believe that they are merely races of
the same species(Loweiy 1955, Meanley 1969, Ripley 1977).
Typical rail habitat along the Atlantic coast is dense, emergent tidal marsh
vegetation dissected by tidal creeks, rivers, and shallow bodies of water. Much rail

activity is centered near the vegetation-water interface. Both species are opportunistic

foragers, primarily feeding on aquatic invertebrates during the breeding season(Meanley
1956). Fiddler crabs {Uca spp.), crayfish, snails, aquatic insects, fish, fi-ogs, and moist

soil plant seeds composed the majority oftheir diet(Eddleman and Conway 1994, Reid et
al. 1994).
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Rails are elusive and difficult to observe because they inhabit dense marshes.

This behavioral trait hinders population studies(Todd 1977,Davidson 1992). Because of
their elusive nature, tape playback recordings of rails are often used during surveys to
induce vocalizations and increase detections(Glahn 1974, Marion et al. 1981, Johnson

and Dinsmore 1986, Gibbs and Melvin 1993). This approach has been used extensively
to document rail presence or relative abundance(Weske 1969, Repking and Ohmart
1977, Griese et al. 1980, Kerlinger and Sutton 1989, Runde et al. 1990, Evens et al.

1991). King and clapper rails respond well to interspecific and conspecific recorded
calls.

Censusing by vocalizations correlates very well with censusing by nest searching.
Although nest searches jdeld more information on rail biology, nest searches are time-

consuming and may be damaging to marsh vegetation (Zembal and Massey 1981).
Assuming that call-response rates provide a valid index of waterbird abundance(Sauer
and Droege 1990),trends in rail populations could be estimated from call-response
surveys conducted in wetlands and replicated over time(Gibbs and Melvin 1997).

Call-response surveys for secretive waterbirds are typically conducted by
observers walking between survey points in wetlands (e.g., Glahn 1974, Johnson and
Dinsmore 1986, Manci and Rusch 1988, Swift et al. 1988). In contrast, we conducted our

surveys by boat, because it facilitated access to more habitats utilized by rails(Kozicky
and Schmidt 1949, Stewart 1951, Oney 1954, Stone 1965, Wilbur and Tomlinson 1976,

Mangold 1977, National Fish and Wildlife Laboratory 1980). The boat also permitted

rapid movement between broadcast sites and was relatively quiet compared with walking
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through wetland vegetation, thus minimizing disturbance to birds prior to broadcasts
(Gibbs and Melvin 1993).

OBJECTIVES

This chapter addresses the following specific objectives;
1) Document rail use during the breeding season across 7 tidal wetland habitats at
Savannah NWR: wooded freshwater(or "freshwater swamp"), emergent
macropbyte freshwater, wooded intermediate, emergent macropbyte intermediate,
emergent macropbyte brackish, emergent macropbyte subsaline, and emergent
macropbyte saline.

2) Determine where king and clapper rail distributions overlap.

3) Determine if king and clapper rail calls can be differentiated using sonogram
analysis.

4) Predict possible changes within rail distributions that may take place if saltwater
encroaches into freshwater habitats.
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METHODS

King and clapper rails were monitored for vocal responses to systematic playing
ofrecorded calls(Tomlinson and Todd 1973). Tape playback was also attempted for
other species ofrails (black rail, sora, Virginia rail, yellow rail) to determine if other rail

species were breeding on the study area. Playback surveys started after standard point
counts were completed across the study area. Refer to the previous chapter for a
description on point count methods.

Playback stations(n = 42)were established across seven sites of varying

salinities. Sampling of each ofthe seven study sites occurred on two replicate sites. At
each site, I established three playback stations 100 m apart, at canal points closest to
point count transects established for point count surveys(Figure 4). Each transect

contained a water monitoring well located in the middle to sample interstitial salinity at
the plant root zone(10 cm below soil surface). Tape playback surveys were not
conducted during conditions of heavy winds or rain because ofreduced visual and

auditory detectability ofbirds during extreme weather conditions(Robbins 1981).
Interstitial salinity measurements included tide cycle, temperature, salinity (ppt), and
conductivity.

The same observer conducted two playback surveys by boat during the breeding
season. Morning surveys started 30 min before sunrise and were completed by 9:00 am

EDT. Recorded calls were played 15 sec per min for five min from designated canal

points parallel with each ofthe three nearest point coimt stations(Figure 4). I played
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approximately 12 seconds ofthe clapper rail's kik-kik-kik call, then followed that with 3

seconds of the king rail'sjupe-jupe-jupe call. Rails within each 300-m^ site were
probably able to hear the tape playing from at least one ofthe three different locations;

there were instances where individual birds were documented repeat calling from two
separate playback stations. Survey overlap was necessary because rails usually respond
much more readily to a nearby call(Zembal et al. 1984). To determine king and clapper
rail abundance and distributions, birds were coimted using standard point count methods
(Hamel et al. 1996). Individual birds that responded to the tape on more than one
occasion were circled on the datasheet to ensure no individuals were counted more than
once. Visual observations were also noted.

Playback data collected during this study were tested for normality; the normality
test indicated the data were not normal. I used proc catmod in analyzing playback data
because it is designed to test for differences in non-normal categorical data. Categories

evaluated within the analysis included playback stations, replicate sites, habitat types, and
visits. All tests were conducted in SAS(SAS Institute 1999).

To evaluate the effectiveness of sonogram analysis in distinguishing between king
and clapper rails, we conducted surveys during medium to low tides. Lower tides

enabled us to get visual observations of birds seen as they emerged from the vegetation in
response to the taped call. This allowed us to get a visual identification of several

recorded individuals of both species. Rail vocalizations were recorded using a Sony TCD5 Pro II cassette recorder and a hand held Telinga Pro parabolic(68 cm radius) and

Sennheiser microphone. One field assistant took all recordings during tape playback
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surveys. Sonograms were created using Avisoft-SASLab software (Specht 1999).
Recordings were downloaded into Avisoft using a PC and sound-card. Avisoft enabled
us to conduct a comprehensive sound analysis for all recordings collected.

We obtained 22 recordings for sonogram analysis. Eight clapper rails and seven
king rails were visually identified at a range of5-20 m from the boat before or after their

call was recorded. This enabled me to develop a known reference for further recordings.
An additional seven birds were recorded, but these birds were not visually identified.

Five variables were selected for sonogram analysis: vocalization duration, pulse

number per vocalization, pulse rate(number of pulses per sec), pulse interval, and pulse
duration measurements(Figure 16). A pulse or call constituted a single "kek" from the
rail vocalization. The vocalization was the entire group of pulses measured from one

individual bird. Vocalization duration was measured from the beginning of the first pulse
to the end ofthe last pulse. Pulse interval was measured from the beginning of a single
pulse to the beginning ofthe pulse unmediately following. Pulse duration was measured
from the beginning of a single pulse to the end ofthe same pulse.

By visually analyzing each sonogram,I determined that both king and clapper rail

calls could be broken into three separate phases. The first phase only occurred during six
of our recordings. Two clapper rails, one king rail, and three unknown individuals started
their call with a short "kek." Since only three known individuals demonstrated this

introductory note, I did not analyze this component across individuals or by species. I

did, however, characterize phase one with three variables(Figure 17). The one king rail
that demonstrated an introductory note called only one time for this phase. One ofthe
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clapper rails called one time, whereas the other bird called twice for this phase. Data

from these two individuals were averaged (Figure 17).
Discriminant function analysis was used to look for differences between king and
clapper rail recordings using pulse rate, pulse interval, and pulse duration. I used the first
nine duration measurements, eight interval measurements, and two pulse rates because of
the variation in the amount oftime each individual rail called. I selected these variables

because there were complete data across all individuals recorded.

RESULTS

King and clapper rails were the only species of rails documented within the study
area. Fifty-four rails were observed during point counts (n=168). Rail abundance did not
differ across habitats(P = 0.2912)(Table 8.1). The sample size across habitats was low,
thus the power ofthe test was limited (Table 8.2). Three hundred and one rails were

documented during playback surveys (n=84). Rail abundance differed among habitats(P
< 0.0001), and there were significant interactions between habitat type and replicates(P =
0.0039) and between replicates and visits(P = 0.0314)(Table 9.1). The total number of

rails documented between replicates and visits was variable, but the majority of
individuals were documented in salt-influenced habitats(Tables 9.2, 9.3, and 9.4).

Discriminant fimction analysis indicated that pulse duration and pulse interval
differed between the two species (Table 10.1). Pulse durations two,four, five, and seven
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differed strongly(P < 0.05), whereas durations three and six were marginally different
(0.05 < P < 0.10)(Figure 18). Pulse interval three differed(P < 0.05) between the two

species and intervals four and five were marginally different(0.05 < P < 0.10)(Figure
19). No strong differences were observed for pulse rate(P < 0.05), although pulse rate
two was marginally different(0.05 < P < 0.10)between the two species (Figure 20).
Ofthe eight known clapper rail recordings, the discriminant fimction analysis
assigned all ofthem to the clapper rail category(100% correct classification); one ofthe
seven known king rail recordings was assigned to the clapper rail category(86% correct

classification)(Table 10.2). Six ofthe seven unknown recordings were assigned to the
clapper rail category(Table 10.3). Assuming the discriminant function analysis
classification is correct, there were no king rails within the brackish and subsaline marsh.

Six out ofthirteen rails in the intermediate marsh were categorized as clapper rails.
Therefore, clapper rails were found throughout the study area with the exception ofthe

fresh marsh habitats. My analysis indicated king and clapper rail distributions overlap in
the intermediate marsh.

33

DISCUSSION

King rails at Savannah NWR were found in freshwater and intermediate marsh

habitats, whereas clapper rails were found in salt-influenced marsh habitats. All of my
observations where recordings were not taken, such as flushes from the nest during point
counts and exposed birds on creek banks where we were imable to collect recordings
during playback surveys, support our recording data. Since king and clapper rail
distributions overlapped in the intermediate marsh, this habitat type is an area where
hybridization between these two species could be taking place.

In this study, tape playback surveys were much more effective at documenting

rail occurrence than standard point count methods. I selected our playback technique
after a few days oftrial and error. The 12 sec ofthe kik-kik-kik call followed by 3 sec of
\hejupe-jupe-jupe call as described by Meanley(1985 and 1992)and Massey and
Zembal(1987),for a five-minute period was the most effective technique. Currently,
there is no standard method for using tape playback for king and clapper rails. 1 selected
this mixed array of calls along with specific playing times because it allowed me to

standardize our call count surveys. 1 used the five-minute period to provoke birds to call
that would not have called ifthe tape had not played repetitively. There were some
occasions where individual birds did not call until the fifth minute.

The primary problem with tape playback for a mixed population ofking and

clapper rails was differentiating between the two species by their call responses. Both
species answered the tape with thejupe-jupe-jupe call and sounded very similar to the
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human ear. Thejupe or clapper call is the basic species call used for general territorial

pronouncements and in contexts where mutual recognition of mates is important(Massey

and Zembal 1987). Massey and Zembal(1987) used sonograms to describe the clapper
call ofthe light-footed clapper rail. They described this call as consisting of single,
repeated notes with no fixed number. They further stated that the call usually begins on a
higher pitch than it ends, and also diminishes in volume as it nears the end. Intervals

between the notes are the same but the quality ofthe soimd changes. Their descriptions

were virtually identical to my findings ofthis call for both clapper and king rail. They
concluded that males and females were indistinguishable by vocalizations. However,

they said the call is not a three-part call, but a continuum. I analyzed the recorded calls as
a continuum and in three separate parts, because the latter could have made the difference

in differentiating king and clapper rail calls. Massey and Zembal(1987)did not,
however, provide data on specific measurements other than vocalization duration and

pulse number per vocalization. These results were variable and similar to my findings in
that rail calls did not have a fixed number of pulses. Therefore, vocalization duration and

pulse number per vocalization were unpredictable and not useful for differentiating
between king and clapper rail calls.

There is a potential problem in that these two rail species might mimic the tape,

thus further limiting our ability to distinguish between these two species. One approach
to examine this potential problem would be to record individuals calling without tape

inducement within the marsh and compare those results to call response to tape playback
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recordings. However,recording a calling bird in its natural state from close proximity
and obtaining a visual identification would be very difficult.
We found it fairly difficult to record quality rail calls. There were several

occasions when a breeding pair would respond to the tape at the same time. These

instances were recorded, but they could not be analyzed due to pulse overlap. Also, rails
needed to be within 20 m ofthe recording equipment to produce a usable sonogram.
There are many technicalities that arise when attempting a sonogram analysis on
king and clapper rail calls. My data provide information on certain characteristics ofrail

calls (e.g. pulse duration)that may enable a researcher to differentiate the two species.

There are no standard criteria for selecting a common set of units to analyze bird songs or
calls, and further analysis of other umts could possibly help answer this question

(Thompson et al. 1994). My results are promising, but further analysis ofthis question
should be pursued.

My sample size was small due to logistical constraints. Therefore, additional rail

recordings should be collected to strengthen analysis and results. Hybridization has not
been documented on the refuge, but there is potential for hybridization because ofthe

freshwater/saltwater marsh interface and overlapping habitat use patterns. Meanley
(1969)stated that almost any coastal plain river that has extensive brackish marshes and a

sizable fiddler crab population is a potential king-clapper rail mixing ground. A study
design based on trapping, radio telemetry, genetics, and tape playback would be very
helpful in exploring this question. Mitochondrial DNA studies ofthese two species

were
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inconclusive, but additional DNA work could provide information on hybridization
(Avise and Zinc 1988).

The nongregarious, secretive nature of these two species, and the inaccessibility

oftheir habitat, all contribute towards the lack of biological information on these species.
The basic life history of the king rail has been described by Meanley(1969), but
information on available habitat, population density, migration, hunter harvest, and
pesticide relationships is limited.

. Despite the broad geographic range ofthe king rail, its populations have declined

alarmingly in the past 30 years throughout major portions ofits range, presumably
because ofthe loss of wetlands(Bledsoe 1988). When habitat along the Georgia and
South Carolina coasts is compared to rail habitat nationwide, most Georgia-South

Carolina areas may actually rank as good to excellent habitat(Clark and Lewis 1983).
If king and clapper rail distributions overlap at the intermediate marsh type and
their numbers are approximately 50-50,then tape playback data on rail abundance

indicate clapper rail densities were much greater than king rail densities on my study
area. Therefore, the proposed harbor deepening project may pose a threat to the king rail
population and a benefit to the already abundant clapper rail if saltwater were to encroach

into freshwater and intermediate habitats on the refixge. Coincidentally, Meanley(1969)
reported only king rails on Savannah NWR in April, 1960 and 1961. He also estimated a

breeding king rail population in a nearby marsh of an almost pure stand ofScirpus
validus (brackish vegetation). His estimates using a mating-call coimt indicated a

breeding population of 14 males in a 5-ha tract. At that time,the entire refuge complex
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was primarily freshwater wetlands. Therefore, saltwater intrusion from past tide gate
and/or harbor maintenance and expansion projects could have resulted in clapper rail
distributions shifting upstream into refuge tidal marshes. Information on competition
between these two species should be collected.
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CHAPTER 4: SUMMARY

Avian species richness differed among habitats across the salinity gradient in this
study. Twenty-six species of birds were exclusively associated with jfreshwater wetlands
whereas only 4 species were exclusively associated with salt-dominated wetlands. It is

important to note that the results ofthis study are based on one year of data(2000).
Additional data need to be collected to ensure that these relationships hold up over time.
In addition, monitoring of avian use across the salinity gradient needs to be conducted

during other seasons to better imderstand the role ofthese wetlands in supporting avian
wildlife throughout the annual cycle. Assuming the relationships are consistent, it might
be predicted that an increase in salinity in tidal wetlands at Savannah NWR will lead to a

significant loss of avian diversity on the refuge.

The significance ofthis predicted loss of diversity should be interpreted in both

local and regional contexts. At a local scale (e.g.. Savannah NWR),it may mean that the

refuge would provide a different mix of habitats (i.e., more salt marsh)to support avian
wildlife, which ultimately may support fewer overall species than it has in the past. Thus,
the refuge may not operate as effectively as it has in providing quality habitat for wildlife.
Because none ofthe avian species observed were currently endangered or threatened with

extinction, loss ofthese species associated with freshwater wetlands on the refuge is not
likely to lead directly to their extinction. The loss ofthese freshwater wetlands on the

refuge, however, may contribute to the continued decline ofsome species of management
concem, like the king rail.
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The more critical question that needs to be answered, however,is how loss of

freshwater marshes at Savannah NWR and elsewhere along the Atlantic Coast will affect

avian wildlife conservation on a regional scale. This study was not designed to
specifically address this question. Seventy percent ofthe tidal wetlands on the Atlantic

Coast are currently salt marsh with lower apparent value as wildlife habitat(based on this
study). Although we did not determine the regional significance ofthe incremental loss
of freshwater wetlands at Savannah NWR,the ultimate effect ofthe loss ofthese and

other freshwater wetlands may be to further imperil this already endangered wetland
ecosystem and the wildlife associated with it. The environmental costs of doing this,

therefore, need to be carefully weighed against the proposed economic gains from
development such as the harbor-deepening project proposed by the Georgia Ports
Authority.
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Table 1.1. Avian species observed < 50 m across habitat types, Savannah National Wildlife Refuge, Georgia-South Carolina,
May-July, 2000.
Species

Fresh
Wooded

Intermediate

Fresh

Intermediate Brackish

Tri-colored heron

X

F

F

F

F

F

Gray catbird
Prothonotary warbler
White-eyed vireo

X

Eastern screech owl

X

Mourning dove

X

Blue-gray gnatcatcher

X

X

X

Carolina wren

X

X

X

Downy woodpecker

X

X

He

Yellow-billed cuckoo

Salt

X

F

X

X

X

X

Pileated woodpecker
Great crested flycatcher
Blue jay

*

X

X

X

X

*

X

ifc

Eastern tufted titmouse

X

X

Northern parula

X

X

Yellow-throated warbler

X

X

Yellow-breasted chat

X

*

House finch

F

X

Orchard oriole

X

X

X

Common yellowthroat
Eastern kingbird

X

X

X

X

X

X

X

X

*

Northern cardinal

X

X

X

X

Red-bellied woodpecker
King rail

X

X

*

X

*

X

X

Carolina chickadee

X

Osprey
Boat-tailed grackle

Subsaline

Wooded

X

X
>i<

X
X

X

X

X

X

F
X

X

Table 1.1.(Cont'd) Avian species observed < 50 m across habitat types, Savannah National Wildlife Refuge, Georgia-South
Carolina, May-July, 2000.
Species

Fresh
Wooded

Fresh

Intermediate Brackish

Red-winged blackbird

X

X

X

X

*

X

*

X

•¥

*

*

Yellow-crowned night-heron
Clapper rail
Marsh wren

Seaside sparrow
X=<50m
* = > 50m

F = Flyover

X

Subsaline

Salt

Wooded

Green heron
Least bittern

00

Intermediate

X

X

X

*

X

X

X

X

X

X

X

X

X

X
+

F

X

X

Table 1.2. Avian species observed > 50 m or as flyovers across habitat types, Savannah National Wildlife Refuge, GeorgiaSouth Carolina, May-July, 2000.
Species

Fresh
Wooded

Intermediate

Fresh

Intermediate Brackish

Subsaline

Salt

Wooded

Red-tailed hawk
Wood duck

«

F

Fish crow

Great blue heron

Great egret
Purple martin
Little blue heron

F

*

♦

F
*

*

F

Double-crested cormorant

F

F
*

F
F

F

F
F

F

F

*

F

if
if

*

Least tern

F
F

Common nighthawk

*

F

Caspian tern
Willet

if

F

Wood stork

F

Turkey vulture

F

Black skimmer

F

Royal tern
Chimney swift
X=<50m
* = > 50m

F - Flyover
VO

*

F

Anhinga
Canada goose
White ibis

F

F

Bam swallow

Snowy egret

F

F

F

Table 2.1. Results from maximum likelihood analysis of variance(proc catmod)for avian species richness across habitat types,

Savannah National Wildlife Refuge, Georgia-South Carolina, May-July, 2000.
Explanatory variable

Degrees of freedom

Chi-square

P-value

Habitat

6

47.25

< 0.0001

Replicate
Habitat*Replicate

1

0.33

0.5652

6

2.31

0.8892

Visit

1

0.16

0.6902

Habitat*Visit

6

1.38

0.9672

Replicate*Visit

1

0.00

Habitat*Rep^licate*Visit

0.9735

6

1.66

0.9479

***Areas highlighted in 'bold'indicate significant differences.

Table 2.2. Observed and expected avian species richness using the catmod procedure across habitat types. Savannah National

Wildlife Refuge, Georgia-South Carolina, May-July, 2000. Avian species richness differed among habitats(P < 0.0001).

00

o

Fresh

Intermediate

Wooded

Wooded

Observed

59

Expected
Chi-Square

Fresh

Intermediate

Brackish

Subsaline

Salt

Total

45

28

21

14

19

23

209

29.9

29.9

29.9

29.9

29.9

29.9

29.9

28.0

7.5

0.1

2.7

8.5

4.0

1.6

Table 3.1. Results from maximum likelihood analysis of variance(proc catmod)for avian abundance across habitat types,
Savannah National Wildlife Refuge, Georgia-South Carolina, May-July, 2000.
Explanatory variable

Degrees of freedom

Chi-square

P-value

Habitat

6

51,69

< 0.0001

Replicate
Habitar^Replicate

1

0.91

0.3406

6

29.41

< 0.0001

Visit

1

0.54

0.4624

Habitat*Visit

6

8.97

0.1754

Replicate*Visit
Habitat*Replicate*Vislt

1

0.48

0.4906

6

21.37

0.0016

***Areas highlighted in 'bold' indicate significant differences.

Table 3.2. Observed and expected avian abundance using the catmod procedure across habitat types. Savannah National

Wildlife Refuge, Georgia-South Carolina, May-July, 2000. Avian abundance differed among habitats(P < 0.0001).
Fresh

Intermediate

Wooded

Wooded

Observed

155

Expected
Chi-Square

OO

Fresh

Intermediate

Brackish

Subsaline

Salt

Total

243

218

156

156

207

130

1265

180.7

180.7

180.7

180.7

180.7

180.7

180.7

3.7

21.5

7.7

3.4

3.4

3.8

14.2

Table 3.3. Observed and expected avian abundance using the catmod procedure across replicate sites and habitat types (visit 1),
Savannah National Wildlife Refuge, Georgia-South Carolina, May-July, 2000. Avian abundance differed among replicates and
habitats(P < 0.0001).
Replicate A

Intermediate

Wooded

Wooded

Fresh

Intermediate

Brackish

Subsaline

Salt

Total
289

Observed

57

45

47

44

29

40

27

Expected

39.6

47.9

50.7

34.0

33.5

55.4

27.9

Chi-Square

Replicate B

Fresh

7.7

0.2

0.3

3.0

0.6

4.3

0.0

Observed

28

58

62

29

43

79

33

Expected

45.4

55.1

58.3

39.0

38.5

63.6

32.1

Chi-Square
Total

6.7
85

0.2

103

0.2
109

2.6

0.5
72

73

3.7

119

332

0.0

60

621

Table 3.4. Observed and expected avian abundance using the catmod procedure across replicate sites and habitat types (visit 2),
Savannah National Wildlife Refuge, Georgia-South Carolina, May-July, 2000. Avian abundance differed among replicates and
habitats(P < 0.0001).
Replicate A

K)

Brackish

Subsaline

Salt

Total

93

47

46

41

42

24

329

35.8

71.5

55.7

42.4

42.9

45.0

35.8

0.0

6.5

0.3

0.1

0.2

Wooded

Observed

36

Expected

Observed

34

Expected

34.2

Chi-Square
00

Intermediate

Intermediate

Wooded

Chi-Square

Replicate B

Fresh

Fresh

Total

0.0
70

1.4

3.9

47

62

37

43

46

46

68.5

53.3

40.6

41.1

43.0

34.2

6.7
140

1.4
109

0.3
83

0.1

84

0.2

88

315

4.0
70

644

Table 4.1. Results from maximum likelihood analysis of variance (proc catmod)for the total number ofred-winged blackbirds
observed across habitat types, Savannah National Wildlife Refuge, Georgia-South Carolina, May-July, 2000.
Explanatory variable

Degrees offreedom

Chi-square

P-value

Habitat

6

113.22

< 0.0001

Replicate
Habitat*Replicate

1

11.74

0.0006

6

16.65

0.0107

Visit

1

0.99

0.3210

Habitat*Visit

6

4.99

0.5457

Replicate*Visit
Habitat*Replicate*Visit

1

0.21

0.6434

6

6.92

0.3287

***Areas highlighted in 'bold'indicate significant differences.

Table 4.2. The total number ofred-winged blackbirds observed and expected using the catmod procedure across habitat types.
Savannah National Wildlife Refuge, Georgia-South Carolina, May-July, 2000. The total number ofred-winged blackbirds
differed among habitats(P < 0.0001).

00
U)

Fresh

Intermediate

Wooded

Wooded

Observed

34

77

Expected

85.3

85.3

85.3

85.3

Chi-Square

30.9

0.8

33.8

13.3

Fresh

Intermediate

Brackish

Subsaline

Salt

Total

139

119

122

89

17

597

85.3

85.3

85.3

15.8

0.2

54.7

Table 4.3. The total number of red-winged blackbirds observed and expected using the catmod procedure across replicate sites
and habitat types, Savannah National Wildlife Refuge, Georgia-South Carolina, May-July, 2000. The total number of redwinged blackbirds differed among replicates and habitats(P = 0.0107).

Replicate A

Replicate B

Fresh

Intermediate

Wooded

Wooded

Observed

28

41

68

72

Expected

18.4

41.7

75.2

64.4

Chi-Square

5.0

Observed

6

Expected

15.6

Chi-Square
Total

00

5.9
34

0.0

Fresh

0.7

Intermediate

0.9

Brackish

Subsaline

Salt

Total

57

45

12

323

66.0

48.2

9.2

0.2

0.9

1.2

36

71

47

65

44

5

35.3

63.8

54.6

56.0

40.9

7.8

0.0
77

0.8
139

1.1
119

1.4
122

0.2
89

274

1.0
17

597

Table 5.1. Results from maximum likelihood analysis of variance (proc catmod)for the total number of boat-tailed grackles
observed across habitat types, Savannah National Wildlife Refuge, Georgia-South Carolina, May-July,2000.
Explanatory variable

Degrees offreedom

Chi-square

P-value

Habitat

6

13.48

0.0360

Replicate
Habitat*Replicate

1

0.02

0.8893

5

15.27

0.0093

Visit

1

0.72

0.3953

Habitat*Visit

6

14.16

0.0279

Replicate*Visit
Habitat*Replicate*Visit

1

0.76

0.3835

3

3.54

0.3153

***Areas highlighted in 'bold'indicate significant differences.

Table 5.2. The total number of boat-tailed grackles observed and expected using the catmod procedure across habitat types.
Savannah National Wildlife Refuge, Georgia-South Carolina, May-July, 2000. The total number of boat-tailed grackles differed
among habitats(P = 0.0360).
Intermediate

Wooded

Wooded

Fresh

Intermediate

Brackish

Subsaline

Salt

Total
140

Observed

7

49

7

16

8

37

16

Expected

20

20

20

20

20

20

20

Chi-Square

00

Fresh

8.5

42.1

0.8

0.8

7.2

14.5

0.8

Table 5.3. The total number of boat-tailed grackles observed and expected using the catmod procedure across habitat types and
between visits, Savannah National Wildlife Refuge, Georgia-South Carolina, May-July, 2000. The total number of boat-tailed
grackles differed among habitats and visits(P = 0.0279).

Visit 1

Visit 2

Fresh

Intermediate

Wooded

Wooded

Observed

3

Expected

3.0

1

Fresh

Intermediate

Brackish

Subsaline

Salt

Total

11

59

2

11

1

30

20.7

3.0

6.7

3.4

15.6

13.3

Chi-Square

0.0

18.7

0.3

2.7

1.7

Observed

4

48

5

5

7

Expected

4.1

28.4

4.1

9.3

4.6

Chi-Square

0.0

13.6

0.2

Total

7

49

7

2.0

7

1.2

16

8

6.7
2.7
5

21.4
9.7
37

81

9.3
2.0

16

140

Table 5.4. The total number of boat-tailed grackles observed and expected using the catmod procedure across replicate sites and
habitat types. Savannah National Wildlife Refuge, Georgia-South Carolina, May-July, 2000. The total number of boat-tailed
grackles differed among replicates and labitats(P = 0.0093).
Replicate A

Replicate B

OO

On

Fresh

Intermediate

Wooded

Wooded

Observed

4

Expected

4.1

Chi-Square

0.0

Observed

3

Expected

2.9

Chi-Square

0.0

Total

7

Fresh

Intermediate

Brackish

Subsaline

41

0

11

6

11

9

28.7

4.1

9.4

4.7

21.7

9.4

5.3

4.1

0.3

0.4

5.3

0.0

8

7

5

2

26

7

2.9

6.6

3.3

15.3

6.6

20.3
7.5
49

5.8
7

0.4

16

0.5
8

7.4
37

Salt

Total
82

58

0.0
16

140

Table 6.1. Results from maximum likelihood analysis of variance (proc catmod)for the total number of marsh wrens observed
across habitat types. Savannah National Wile life Refuge, Georgia-South Carolina. Mav-Ju y, 2000.

Explanatory variable

Degrees of freedom

Chi-square

P-value

Habitat

2

6.84

0.0327

Replicate

1

4.13

0.0421

Habitat*Replicate

2

0.32

0.8529

Visit

1

1.04

0.3067

Habitat*Visit

2

0.19

0.9100

Replicate*Visit
Habitat*Replicate*Visit

1

0.03

0.8575

1

0.66

0.4162

♦

It.

Table 6.2. The total number of marsh wrens observed and expected using the catmod procedure across habitat types, Savannah

National Wildlife Refuge, Georgia-South Carolina, May-July, 2000. The total number of marsh wrens differed among habitats

(P = 0.0327).
Fresh

Intermediate

Wooded

Wooded

Fresh

Intermediate

Brackish

Subsaline

Salt

Total
112

Observed

0

0

0

0

10

58

44

Expected

16

16

16

16

16

16

16

Chi-Square

16

16

16

16

110.3

49

2.3

Table 6.3. The total number of marsh wrens observed and expected using the catmod procedure across replicate sites. Savannah
National Wildlife Refuge, Georgia-South Carolina, May-July, 2000. The total number of marsh wrens differed among renlicates

(P = 0.0421).

00

<1

^

Replicate A

Replicate B

Observed

32

80

Expected

56

56

Chi-Square

10.3

10.3

Table 7.1. Results from maximum likelihood analysis of variance (proc catmod)for the total number ofcommon yellowthroats
observed across habitat types, Savannah National Wildlife Refuge, Georgia-South Carolina, May-July, 2000.
Explanatory variable

Degrees of freedom

Chi-square

P-value

Habitat

6

20.97

0.0019

Replicate
Habitat*Replicate

1

0.01

0.9161

6

1.40

0.9661

Visit

1

0.01

0.9224

Habitat*Visit

6

1.55

0.9564

1
Replicate*Visit
0.01
Habitat*Replicate*Visit
6
0.25
***Areas highlighted in 'bold' indicate significant differences.

0.9193
0.9997

Table 7.2. The total number ofcommon yellowthroats observed and expected using the catmod procedure across habitat types.
Savannah National Wildlife Refuge, Georgia-South Carolina, May-July, 2000. The total number ofcommon yellowthroats
differed among habitats(P = 0.0019).
Fresh

Intermediate

Wooded

Wooded

Observed

17

Expected

13

Chi-Square

00
00

1.2

Fresh

Intermediate

Brackish

Subsaline

Salt

Total

23

42

10

0

0

0

92

13

13

13

13

13

13

13

13

13

7.7

64.7

0.7

Table 8.1. Results from maximum likelihood analysis of variance(proc catmod)for the total number of rails observed across

habitat types during point counts, Savannah National Wildlife Refuge, Georgia-South Carolina, May-July, 2000.

Explanatory variable

Degrees offreedom

Chi-square

P-value

Habitat

4

.4.96

0.2912

Replicate
Habitat*Replicate

1

2.39

0.1224

3

1.50

0.6811

Visit

1

0.02

0.8754

Habitat*Visit

2

2.62

0.2703

Replicate*Visit
Habitat*Replicate*Visit

1

1.22

0.2696

1

0.11

0.7381

Table 8.2. The total number ofrails observed across habitat types during point counts. Savannah National Wildlife Refuge,
Georgia-South Carolina, May-July, 2000. There were no significant differences for the total number ofrails observed during
point count among habitats(P > 0.05).

00

vo

Fresh Wooded

Intermediate Wooded

Fresh

Intermediate

Brackish

Subsaline

Salt

Total

Total

0

0

1

2

16

20

15

54

Expected

7.7

7.7

7.7

7.7

7.7

7.7

7.7

Chi-Square

7.7

7.7

5.8

4.2

9.0

19.7

6.9

Table 9.1. Results from maximum likelihood analysis of variance (proc catmod)for the total number of rails observed across
habitat types during playback surveys, Savarmah National Wildlife Refuge, Georgia-South Carolina, May-July, 2000.
Explanatory variable

Degrees of freedom

Chi-square

P-value

Habitat

6

55.41

< 0.0001

Replicate
Habitat*Replicate

1

1.57

0.2107

5

17.36

0.0039
0.4880

Visit

1

0.48

Habitat*Visit

5

9.14

0.1036

Replicate*Visit
Habitat*Replicate*Visit

1

4.63

0.0314

5

6.49

0.2618

***Areas highlighted in 'bold'indicate significant differences.

Table 9.2. The total number of rails observed and expected using the catmod procedure across habitat types. Savannah National
Wildlife Refuge, Georgia-South Carolina, May-July, 2000. The total number of rails observed during playback surveys differed
among habitats(P < 0.0001).

vo

o

Fresh

Intermediate

Wooded

Wooded

Fresh

Intermediate

Brackish

Subsaline

Salt

Total
301

Observed

3

16

28

45

60

84

65

Expected

43

43

43

43

43

43

43

Chi-Square

37.2

17.0

39.1

11.3

5.2

0.1

6.7

Table 9.3. The total number ofrails observed and expected using the catmod procedure across replicate sites and habitat types
during playback surveys, Savannah National Wildlife Refuge, Georgia-South Carolina, May-July, 2000. The total number of
rails observed during playbaick surveys dif ered among replicates anc habitats(P = O.C 039).
Fresh Wooded

Replicate A

Replicate B

Intermediate
Wooded

Fresh

Intermediate

Brackish

Subsaline

Salt

Total
165

Observed

3

4

14

37

25

45

37

Expected

1.6

8.8

15.3

24.7

32.9

46.1

35.6

Chi-Square

1.1

Observed

0

Expected

1.4

Chi-Square

1.4

Total

3

2.6

0.1

12

14

7.2

12.7

3.1
16

0.1
28

6.2
8

20.3
7.5
45

1.9

0.0

0.1

35

39

28

27.1

38.0

29.4

0.0

0.1

2.3
60

84

65

136

301

Table 9.4. The total number of rails observed and expected using the catmod procedure across replicate sites and between visits
during playback surveys. Savannah National Wildlife Refuge, Georgia-South Carolina, May-July, 2000. The total number of
Visit 1

Replicate A

Observed

85

80

Expected

77.3

87.7

Chi-Square

Replicate B

0.8
56

80

Expected

63.7

72.3

Chi-Square

0.9
141

Total
165

0.7

Observed

Total
vo

Visit 2

136

0.8
160

301

Table 10.1. Results from the discriminant function analysis for variables measured from

rail recordings, Savannah National Wildlife Refuge, Georgia-South Carolina, May-July,
2000.
Variable

P-Value

Dxiration 1

0.4317

Duration 2

0.0007

Dmation 3 *

0.0566

Duration 4

0.0173

Duration 5

0.0490

Duration 6 *

0.0826

Duration 7

0.0366

Duration 8

0.1078

Duration 9

0.1478

Interval 1

0.4055

Interval 2

0.8122

Interval 3

0.0163

Interval 4 *

0.0541

Interval 5 *

0.0985

Interval 6

0.1405

Interval 7

0.4335

Interval 8

0.3952

Pulse Rate 1

0.1265

Pulse Rate 2 ♦

0.0638

***Areas highlighted in 'bold'indicate significant differences between king and clapper rail recordings(P
< 0.05).

***Areas marked with asterisks indicate marginal differences (0.05 < P < O.IO).
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Table 10.2. Results from the discriminant function analysis for classifying known
recordings of rails. Savannah National Wildlife Refuge, Georgia-South Carolina,
May-July, 2000.
Known recordings

From species

Classified into species

1

6

Clapper rail
Clapper rail
Clapper rail
Clapper rail
Clapper rail
Clapper rail

7

Clapper rail

8

Clapper rail
King rail
King rail
King rail
King rail

Clapper rail
Clapper rail
Clapper rail
Clapper rail
Clapper rail
Clapper rail
Clapper rail
Clapper rail
King rail
King rail
King rail
King rail
Clapper rail
King rail
King rail

2
3
4

5

9
10
11
12
14

King rail
King rail

15

King rail

13

Habitat type
Subsaline
Brackish
Brackish
Brackish
Brackish
Brackish
Brackish
Brackish

Intermediate
Intermediate
Intermediate
Intermediate
Intermediate
Intermediate
Intermediate

***Areas highlighted in bold'indicate misclassification.

Table 10.3. Results from the discriminant function analysis for classifying imknown
recordings of rails. Savannah National Wildlife Refuge, Georgia-South Carolina,
May-July, 2000.
Unknown recordings

Classified into species

1

Clapper rail
Clapper rail
Clapper rail
King rail
Clapper rail
Clapper rail
Clapper rail

2

3
4
5

6
7

Habitat type
Brackish
Intermediate
Intermediate
Intermediate
Intermediate
Intermediate
Intermediate
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Appendix C.
Scientific names for trees and birds mentioned in the text.
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Appendix C.l. Common and scientific names used to identify tree species mentioned in
the text.

Common name

Scientific name

Baldcypress

Taxodium distichum

Water tupelo
Black tupelo(gum)
Ash

Nyssa aquatica
Nyssa sylvatica
Fraxinus sp.

Red maple

Acer rubrum
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Appendix C.2. Common and scientific names used to identify bird species mentioned in
the text.

Common name

Scientific name

Anhinga

Anhinga anhinga

Bam swallow

Hirundo rustica

Blue-gray gnatcatcher
Blue jay
Boat-tailed grackle

Polioptila caerulea
Cyanocitta cristata
Quiscalus major
Laterallusjamaicensis
Rynchops niger

Black rail

Black skimmer
Carolina chickadee
Carolina wren

Poecile carolinensis

Thryothorus ludovicianus
Sterna caspia

Caspian tern
Clapper rail
Common yellowthroat

Rallus longirostris crepitans
Geothlypis trichas

Double-crested cormorant

Phalacrocorax auritus

Downy woodpecker
Eastem kingbird

Picoides pubescens
Tyrannus tyrannus

Eastem screech owl
Fish crow
Tufted titmouse

Otus asio

Corvus ossifragus
Baeolophus bicolor

Great blue heron

Ardea herodias

Great crested flycatcher
Great egret

Myiarchus crinitus
Ardea alba

Gray catbird

Dumetella carolinensis

Green heron

Butorides virescens

House finch

King rail

Carpodacus mexicanus
Rallus elegans

Least bittern

Ixobrychus exilis

Least tem

Sterna antillarum

Little blue heron
Marsh wren

Egretta caerulea

Mouming dove

Zenaida macroura

Northern cardinal

Cistothorus palustris
Cardinalis cardinalis

Northern pamla

Parula americana

Orchard oriole

Icterus spurius

Osprey
Pileated woodpecker
Prothonotary warbler
Purple martin
Red-bellied woodpecker
Red-winged blackbird
Red-tailed hawk

Pandion haliaetus

Dryocopus pileatus
Protonotaria citrea

Progne subis
Melanerpes carolinus
Agelaius phoeniceus
Buteojamaicensis
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Appendix C.2. (Cont'd) Common and scientific names used to identify bird species
mentioned in the text.
Common name

Scientific name

Snowy egret
Seaside sparrow

Egretta thula

Tri-colored heron

Egretta tricolor

Virginia rail
White-eyed vireo

Rallus limicola

White ibis

Eudocimus albus

Ammodramus maritimus

Vireo griseus

Willet

Catoptrophorus semipalmatus

Wood duck

Aix sponsa

Yellow-breasted chat

Icteria virens

Yellow-billed cuckoo

Coccyzus americanus
Nyctanassa violacea

Yellow-crowned night-heron
Yellow rail

Cotumicops noveboracensis

Yellow-throated warbler

Dendroica dominica
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